Background Few studies have assessed factors associated with angiodysplasias during endoscopy or factors associated with symptomatic disease. Aims To evaluate risk factors for the presence of and contribution to symptomatic disease in patients with angiodysplasias. Methods We performed a systematic MEDLINE, EMBASE and Cochrane Library search according to the PRISMA guidelines for studies assessing risk factors involved in angiodysplasias detected during endoscopy and factors that lead to anemia or overt bleeding. Study quality was assessed with the Newcastle-Ottawa scale. A risk assessment was performed by selecting risk factors identified by two independent studies and/or by a large effect size. Results Twenty-three studies involving 92,634 participants were included. The overall quality of the evidence was moderate. Risk factors for the diagnosis of angiodysplasias during endoscopy confirmed by at least two studies were increasing age (OR 1.09 per year, 95% CI 1.04-1.1), chronic kidney disease (OR 4.5, 95% CI 1.9-10.5) and cardiovascular disease (2.9, 95% CI 1.4-6.2). The risk of rebleeds was higher in the presence of multiple lesions (OR 4.2, 95% CI 1.1-16.2 and 3.8, 95% CI 1.3-11.3 and 8.6, 95% CI 1.4-52.6), liver cirrhosis (OR 4.0, 95% 1.1-15.0) and prothrombin time < 30% (OR 4.2, 95% 1.1-15.4) with a moderate effect size. Multiple comorbidities were associated with an increased in-hospital mortality (OR 2.29, 95% CI 1.2-4.3). Conclusions This systematic review identified age, chronic kidney disease and cardiovascular disease as the most important risk factors for the diagnosis of angiodysplasias during endoscopy. Multiple lesions increase the risk of recurrent bleeding.
Introduction
Angiodysplasias account for up to 5% of all causes of gastrointestinal bleeding and are probably responsible for 60% of cases of small bowel bleeding [1] . They are a common cause of gastrointestinal bleeding in the elderly [2] . Presentation includes all aspects of iron-deficiency anemia and gastrointestinal bleeding. The clinical spectrum may range from the absence of symptoms to the refractory anemia with transfusion dependency and frequent hospitalizations.
Angiodysplasias are thought to arise from chronic lowgrade intermittent obstruction of submucosal veins leading to capillary congestion and failure of the pre-capillary sphincters [3] . This results in dilated veins which are prone to bleeding (Fig. 1) . Angiogenic factors [4] such as vascular endothelial growth factor and Angiopoietin-2 and -1 may play a role [5] . Thalidomide and somatostatin analogs inhibit angiogenesis and may serve as treatment for gastrointestinal angiodysplasias [6] .
In addition to an increasing age, there are a number of predisposing conditions such as Von Willebrand disease, aortic stenosis (Heyde's syndrome) and chronic kidney disease [11] [12] [13] [14] . The introduction of the colorectal cancer screening program has led to a major increase in number of endoscopies performed in the population older than 55 years with a positive immunological fecal occult blood test [15] . This will probably contribute to a further increase in diagnosis of (asymptomatic) angiodysplasias. Collectively, this has led to the increase in angiodysplasia related hospitalizations from 0.9 (1996) to 2.6 (2005) per 100.000 person-years [16] .
Little is known about the nature of risk factors that contribute to the development of angiodysplasias. Better understanding of these factors may help to predict which patient is at risk to develop symptoms from angiodysplasias. High risk may warrant preemptive therapeutic argon plasma coagulation at time of diagnosis, close follow-up and/or initiation of angiogenesis inhibitors in an earlier stage. Secondly, elimination of those triggers that cause bleeding may serve as a preferential strategy in patients with recurrent angiodysplasia bleeding or chronic transfusion dependency. Finally, there is a wide variety of disease burden in patients with angiodysplasias [17] . The consequence is that most angiodysplasia studies are heterogeneous by nature and that extrapolation of results is difficult [18] [19] [20] [21] [22] [23] . We used a systematic review in order to provide a comprehensive overview of risk factors associated with different disease stages: angiodysplasias found during endoscopy, angiodysplasias that lead to anemia or overt bleeding and factors of influence on recurrent bleeding and mortality.
Methods
This study is in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines [24] .
Literature Search
A systematic search was conducted with the aid of an expert librarian. We retrieved relevant publications from MED-LINE and Cochrane Library up to August 2018 and for the EMBASE database up to August 2016. We used search terms for the determinant 'gastrointestinal angiodysplasia' with synonyms for the outcome 'risk factor' (see supplementary file, search strategy). Titles, abstracts and subsequent full-text articles were independently screened by two authors (K.V.G. and M.M.) based on predefined selection criteria. Disagreement on eligibility was resolved through consensus. The search was completed by hand-searching the references of the selected articles, related reviews, meta-analyses and guidelines. Fig. 1 Angiodysplasia in the colon. Legend: the differential diagnosis of angiodysplasias consists of other vascular malformations. They are caused by different mechanisms than angiodysplasias, leading to different treatment strategies. Portal hypertensive gastropathy can only develop in the presence of increased portal pressure. Histological (submucosal) biopsies show dilation and congested, tortuous submucosal venules [7] . This also differentiates from gastric antral vascular ectasias where biopsies show the presence of fibrin thrombi in dilated capillaries and fibromuscular proliferation in the lamina propria. As the name suggests, these two vascular diseases are limited to stomach involvement. Radiation-induced telangiectasias are caused by the toxicity of radiotherapy. The found telangiectasias are often multiple, and involvement is delimited to the area that received radiation [8] . Eosinophilic infiltrates, epithelial atypia, fibrosis and capillary telangectasia can be found in histological specimens. As last, a dieulafoy lesion is a submucosal artery that erodes the overlying epithelium and is of prominent caliber due to abnormal branching without the presence of an ulcer. These lesions might not be seen during endoscopy in case they are not actively bleeding [9] . The congenital inherited diseases hereditary hemorrhagic teleangectasia, blue rubber bleb nevus syndrome and Klippel-Trénaunay syndrome can present with angiodysplastic features during endoscopy; however, these disorders often become symptomatic at a young age, and the vascular malformations are present in multiple organs [10] 
Inclusion and Exclusion Criteria
We selected published articles that reported on studies assessing risk factors for angiodysplasias detected during endoscopy or that investigated factors that contribute to symptomatic angiodysplasia bleeding, or more severe disease including rebleeds or mortality due to gastrointestinal angiodysplasias bleeding. Symptomatic disease is defined as angiodysplasias that cause anemia or overt bleeding. We excluded the following type of studies: case reports, case series < 40 patients, reviews, editorials, opinion papers, animal or children studies, nonclinical studies. The search was not time limited. Non-Dutch and non-English language articles were excluded. Finally, studies that included vascular malformations other than angiodysplasias of the GI system, such as portal hypertensive gastropathy, radiation telangiectasia, hereditary hemorrhagic telangiectasia and gastric antral vascular ectasia, were excluded. The diagnosis of angiodysplasia had to be made through endoscopy, which also includes wireless video capsule endoscopy, or identification by International Statistical Classification of Diseases (ICD)-codes (ICD-9 537.82, 537.83, 569.84 and ICD-10 K55.20, K55.21).
Data Extraction
The following study characteristics were extracted from each study in a standardized manner: year of publication, country of origin, study design and population, sample size and type of control group. The preferred outcomes were odd's ratios (OR) or hazard ratios (HR) with their 95% confidence intervals (95%-CI). If not available the reported outcomes such as prevalence were drawn from the original manuscript.
Quality Assessment
Eligible articles were critically appraised for relevance and internal validity. The quality of each study was assessed with the Newcastle-Ottawa Quality Assessment Scale for nonrandomized studies [25] . The following domains of bias were addressed: representativeness of the cases, adequate selection, comparability, outcome assessment and follow-up. Each of the eight items can be scored as adequate using an X, except for the domain comparability which is given two Xs. The overall rating of the risk of bias is scored as low (7-9 X), moderate (4-6 X) or high (0-3 X). Publication bias was assessed graphically with a funnel plot.
Statistical Analysis and Risk Assessment
Due to variations in study population, methodologies and measurements between studies, a formal meta-analysis was deemed inappropriate here. A 95% confidence interval (95% CI) not including 0 or a two-sided tested p value ≤ 0.05 was considered statistically significant.
The risk assessment identifies important risk factors based on two criteria: strength of evidence and effect size. When risk factors were identified by at least two independent studies, those factors were identified as more important due to the increased strength in evidence [26] A risk factor identified by one study with a moderate (OR 3.5-6.6) or large effect size (OR ≥ 6.7) was ought to be important as well based on it is effect size [27] .
Results
The original search yields 1322 citations, after applying the in-and exclusion criteria for study selection, and 23 studies were included for qualitative synthesis (see Fig. 2 : flow diagram). Most studies were excluded because they did not match our study aim (e.g., these studies focused on treatment efficacy or diagnostic modalities) or because they were case reports or conference abstracts. Two additional studies that fit inclusion criteria were discovered through checking the references of the included studies. Within the set of 23 reviewed studies included in our systematic review, 13 (n = 1429 patients) were on risk factors associated with the presence of angiodysplasia during endoscopy, two dealt with triggers for symptomatic angiodysplasias (n = 4594 patient) and eight assessed risk factors for rebleeds and mortality (n = 86,611 patients).
Study Assessment
Risk of bias was introduced at different levels and was mostly dependent on the design of the study (supplementary file, Table 1 ). Funnel plot showed similar estimates (OR) with similar sample sizes, which lead to asymmetry and could be an indication for a risk of publication bias (supplementary file, figure 2). No statistical tests were performed to detect bias, because of the large betweenstudy heterogeneity. Overall, the risk of bias was judged as high in six studies, moderate in 17 studies and low in one study. The quality of evidence was too low to perform a meta-analysis.
Risk Factors for Angiodysplasias Found During Endoscopy
Thirteen studies assessed risk factors for the presence of angiodysplasias detected during endoscopy ( angiodysplasias and bleeding. Independent risk factors that were confirmed in two or more studies were increasing age (OR 1.09 per year, 95% CI 1.04-1.1), chronic kidney disease (OR 4.5, 95% CI 1.9-10.5) and cardiovascular disease (OR 2.9, 95% CI 1.4-6.2). The association between liver cirrhosis and the presence of angiodysplasias in overt or occult bleeding patients had a moderate effect size (OR 4.8, 95% CI 1.8-14.5).
In Table 2 , studies are shown that assess the presence of symptomatic angiodysplasias compared to patients without gastrointestinal bleeding. Chronic kidney disease was associated with two studies with bleeding angiodysplasias (OR 4.5 and 21.0). The association between the following conditions and bleeding angiodysplasias had a moderate to large effect size: valvular heart disease (OR 18.8, 95% CI 2.4-149.6), previous venous thromboembolism (OR 6.4, 95% CI 1.3-31.3), Warfarin use (OR 5.5, 95% CI 1.1-27.5), proton pump inhibitor use (OR 5.4, 95% CI 2.7-10.7), congestive heart failure (OR 4.5, 95% CI 1.2-17.9), arrhythmias (OR 4.4, 95% CI 1.7-11.2) and ischemic heart disease (OR 4.3, 95% CI 1.9-9.8).
In studies focused one specific patient category, the following conditions are risk factors for angiodysplasias: LVADs, mitral valve regurgitation [34] and systemic sclerosis and calcinosis, Raynaud's phenomenon, esophageal dysmotility, sclerodactyly and telangiectasia (CREST) syndrome (6.3% of GI bleeding due to AD) [35, 38] . Hypertension was identified as a risk factor for small bowel disease (OR 2.8, 95% CI 1.5-5.4) [29] , although its presence may confer protection against bleeding in patients with LVADs (OR 0.2, 95% CI 0.1-0.97) [33] . 
Triggers for Angiodysplasia Causing Overt or Occult Bleeding
Only two retrospective cohort studies assessed factors that trigger symptomatic disease defined as anemia or overt GI bleeding (Table 3 ) [40] [41] [42] . Both studies only include colon angiodysplasias. Independent risk factors identified by two studies for symptomatic disease were age above 80 years (OR 5.2 and 1.3) and multiple lesions (OR 6.7 and 2.2). The study by Diggs et al. [42] is a population-based study with a large sample size (n = 4159). Inpatient status had the largest effect size in this study with an OR of 8.7 (95% CI 5.4-14.1). Nishiruma et al. [40] found heart disease in past medical history (OR 6.9, 95% CI 1.0-45.5) and angiodysplasia lesions ≤ 5 mm (OR 17.7, 95% CI 4.9-64.0) as risk factors with a large effect size.
Predictors for Rebleeding and Mortality in Patients with Symptomatic Angiodysplasias
Six retrospective cohort studies investigated factors associated with rebleeds in a population of symptomatic patients (Table 4 ) [12, [43] [44] [45] [46] [47] [48] [49] . Two studies assessed risk factors for mortality [43, 49] . One scrutinized the natural history of GI bleeding in VWD [12] . Independent risk factors for rebleeding identified by at least two studies are multiple lesions (OR 4.2, 95% CI 1.1-16.2 and 3.8, 95% CI 1.3-11.3 and 8.6, 95% CI 1.4-52.6) [46] [47] [48] . In addition, 
Discussion
This systematic review gives an overview of risk factors associated with detection of angiodysplasias during endoscopy, triggers for overt or occult bleeding and factors that contribute to rebleeds and mortality as a result of angiodysplasias. Age, chronic kidney disease, anticoagulant use and cardiovascular disease are the most important factors associated with the detection of angiodysplasias during endoscopy [16, 28, 29] . In view of the pathophysiological hypothesis, it is plausible that age, chronic kidney and cardiovascular disease contribute to development of angiodysplasias. Inpatient status is strongly associated with bleeding disease; however, this association with inpatient status is probably the consequence of the bleeding rather than an etiologic factor and thereby not clinically significant. Multiple lesions increase the risk of rebleeds. The over-arching aim of this systematic review is to define factors that determine the presence of gastrointestinal angiodysplasias and/or affect the progression to symptomatic disease. The use of a risk stratification to guide management requires a thorough assessment of At present, one of the major issues in clinical management of asymptomatic angiodysplasias is that evidence on treatment outcome is based on heterogeneous small and often non-controlled studies [18] [19] [20] [21] [22] [50] [51] [52] [53] [54] . This results in considerable practice variation [55] . More understanding of the different risk profiles of patients with different severity of the disease helps to make the right decision in whether to treat and which treatment modality would be needed.
This systematic review allows identification of gaps that helps in the management of this disease. It also illustrates the complexity and wide phenotypical range of disease severity. In comparison with other vascular malformations, such as GAVE, portal gastropathy and radiation-induced telangiectasias, the most prominent risk factors for the development of angiodysplasias and severity of the disease remain to be further investigated.
Our systematic review comes with inherent strengths and limitations. The strength of this study is that it includes a broad search strategy with a thoroughly performed quality assessment. Moreover, risk assessment based on confirmation of risk factors in a second study and those with a moderate effect size (OR > 3.5) is performed. To get a clear overview, we subdivided the risk factors for different stages of disease, i.e., risk to detect angiodysplasias during endoscopy, angiodysplasias that cause overt bleeding or anemia and a more severe course with rebleeds or mortality. In addition, the risk factors for each different disease stage include Western and Asian studies, thereby increasing the external validity of this review. A limitation of the study is that a meta-analysis was not possible due to the methodological heterogeneity between the studies. Moreover, the majority of studies identifying risk factors for finding angiodysplasias during endoscopy use different control groups and indications for endoscopy or only focus on small bowel angiodysplasias. We excluded case reports and small case series which could have led to the exclusion of diseases which are rare that increase the risk of the presence of angiodyplasias, e.g., bone marrow transplantation. We excluded other vascular anomalies, which could have introduced bias due to the inaccuracy of correctly distinguishing angiodysplasias from other vascular lesions at video capsule endoscopy. 
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In conclusion, this systematic review identified important risk factors for angiodysplasias at different disease stages. The risk assessment identified age, chronic kidney disease and cardiovascular disease as the most important risk factors for the presence of angiodysplasias during endoscopy and multiple lesions contributing to disease severity. Information on these risk factors aids in accurate phenotyping which benefits clinical decision making. 
